In a mouse model of neurocysticercosis, the expression and distribution of Toll-like receptors (TLRs) was investigated by using both gene array analyses and in situ immunofluorescence microscopy (IF). In the normal uninfected brain, mRNA of all the TLRs are constitutively expressed albeit TLR5, TLR7, TLR8 and TLR9 to a lesser extent. In these animals, however, expression of TLR1, TLR3, TLR4 and TLR9 proteins was not detected. In contrast, parasite infection increased both gene and protein level expression of all the TLRs several fold except TLR5 where only the mRNA was upregulated. Importantly, TLRs were differentially distributed among various central nervous system (CNS) cell types and infiltrating leukocytes. TLR2 was almost exclusively localized to nervous tissue cells, particularly astrocytes, while TLR1 and TLR9 proteins were essentially limited to infiltrating leukocytes. All other TLRs tested were detected in both CNS and immune cell types. Interestingly, ependymal cells and neurofilaments of the cerebellar white matter of infected mice exhibited a substantial upregulation of TLR7 and TLR8 proteins respectively. These data provide a comprehensive analysis of TLR expression in the normal and parasite infected brain and suggest a role for TLRs in the interplay of immune cells and CNS cells during infection.
Introduction
The CNS is regarded as an immunologically unique organ due to the absence of a classically defined lymphatic drainage system and the presence of the blood-brain barrier (BBB) that restricts the flow of both cells and serum molecules into the CNS. During infection, however, cells of the CNS have the ability to produce inflammatory mediators such as chemokines, adhesion molecules and cytokines (Chavarria and Alcocer-Varela, 2004) . These responses can lead to significant infiltration of various leukocytes eventuating in pathogen-specific adaptive immune responses in the CNS (Ransohoff et al., 2003) . The direct recognition of microbial molecules by nervous tissue cells and the subsequent innate immune response appear to be key elements in protecting the CNS. However, little is known about this process in a helminth parasitic infection of the CNS.
Recent studies have demonstrated the critical role played by the TLR family of proteins in host innate immunity (Hoebe et al., 2004) . They are highly conserved proteins that specifically recognize distinct mutation resistant pathogenassociated molecular patterns (PAMPs) (Takeda et al., 2003) . Thirteen mammalian TLR paralogues have now been identified (10 in humans and 12 in mice) (Beutler, 2004) . The TLR family receptors are type-I transmembrane proteins with extracellular leucine rich repeat domains and a cytoplasmic domain having significant homology to IL-1 receptor type-I called Toll/IL-1 receptor (TIR) domain (Bowie et al., 2004; Gay and Keith, 1991) . Once engaged,
